Organ-specific changes in high-energy phosphates after hemorrhagic shock and resuscitation in the rat.
Adenosine nucleotides provide energy for many essential cellular functions. Liver and intestinal ATP and energy charge are known to decrease during hemorrhagic shock, and the ability to regenerate high-energy phosphates may have important implications for recovery. We measured organ-specific changes in energy charge after hemorrhagic shock and after shock followed by resuscitation. Anesthetized Sprague-Dawley rats were bled and maintained at a mean arterial pressure (MAP) of 40 mmHg for 1, 2, 3, or 4 hours. Some animals were resuscitated with normal saline and shed blood (1:1) to a mean arterial pressure of 80 to 90 mmHg for 1 hour. Control animals were anesthetized, but not hemorrhaged. At the conclusion, blood gases and adenine nucleotides were measured. Arterial pO2 and pCO2 were normal in all groups. Unresuscitated hemorrhage caused metabolic acidosis, but bicarbonate was normal in controls and after hemorrhage followed by resuscitation. Energy charge (EC) in the gastrocnemius was unaffected by hemorrhage or resuscitation. Liver EC decreased after hemorrhage (p = 0.0001), but recovered partially after resuscitation. Kidney EC was decreased after only 3 hours of hemorrhage and 1 hour of resuscitation (p = 0.005), but not with shorter periods of hemorrhage. Lung EC decreased with shock, but was substantially worse after resuscitation (p < 0.05). After hemorrhage and resuscitation, EC decreased in lung, liver, kidney, and intestine, but the time course, extent of decline, and ability to recover after resuscitation varied from organ to organ. Inability to regenerate high-energy phosphates after hemorrhagic shock may be a marker for more severe cellular damage.